Sulfur compounds obtained from onion, Welsh onion, and garlic are reviewed. A major component (onionin A 1 ) depressed tumor progression and metastasis in both osteosarcoma and ovarian cancer-bearing mouse models.
Onion (Allium cepa L.), Welsh onion (Allium fistulosum L.), and garlic (Allium sativum L.) belong to the genus Allium. Garlic is ranked at the top of the list of designer foods showing anticancer effects by the National Cancer Institute. Generally, the biological activities of onion and garlic can be classified into two categories: cardiovascular disease prevention and cancer prevention. We started this investigation aiming at the isolation, structural characterization, and the analysis of antitumor activity, and isolated three new sulfides from onion, five new sulfides from Welsh onion, and twenty-one new sulfides from garlic, and characterized their structures.
Onion: Three new compounds named onionins A 1 , A 2 , and A 3 were obtained from onion. The structure of onionin A 1 (1) was characterized as 3,4-dimethyl-2-sulfenic acid-5-(prop-1-en-1-yl)thiolan-1-ium-1-olate, and other analogous onionins A 2 (2) and A 3 (3) were steric isomers of onionin A 1 (1) as shown in Figure 1 [1] . They have the unique thiolan-1-ium-1-olate (tetrahydrothiophen-1-oxide) skeleton substituted with a sulfenic acid moiety at C-2 and a propenyl group at C-5. They were also obtained as major sulfides from Welsh onion and correspond to garlicnins B 1 , B 2 , B 3 , and B 4 , major sulfides being the isomers at the propenyl moieties obtained from garlic later described, therefore, these thiolane-type sulfides are regarded as predominant compounds obtained by extracting with acetone of Allium species. Chinese Garlic: Twenty-one new sulfides named garlicnins were obtained along with (E)-ajoene from garlic. The above garlicnins were divided into three type groups; first is acyclic-type sulfides, L-1 (6), L-2 (7), L-3 (8), L-4 (9), E, and F, second is thiolane-type sulfides, garlicnins A, B 1 (10), B 2 (11), B 3 (12), B 4 (13), C 1 (14), C 2 (15), C 3 (16), K 1 , and K 2 , similar with those of onionins A 1 (1), A 2 (2), and A 3 (3), and third is atypical cyclic-type sulfides, garlicnins G (17), I (18), and J (19), different from the above thiolane-type sulfides. The structures of garlicnins L-1 (6), L-2 (7), L-3 (8), and L-4 (9), were characterized as E-5-thiaocta-6-ene 4-methyl-2,5-dioxide, E-2,6,7-trithiadeca-4,9-diene 2-oxide, Z-4,5,9,10-tetrathiatrideca-1,7,12-triene, and E-6,7-dithiadeca-2.9-diene-2,9-diene 2-methyl-1-oxide, respectively ( Figure 3) . Next, the structures of thiolane-type sulfides, garlicnins B 1 (10), B 2 (11), B 3 (12), and B 4 (13), were also characterized as 3,4-dimethyl-2-sulfenic acid-5-(prop-2-en-1-yl)thiolan-1-ium-1-olates (Figure 3 ) [3] . Garlicnins B 1 (10), B 2 (11), B 3 (12), and B 4 (13) are isomers obtained by shifting the double bond of the 1-propenyl group of the onionins A series to the 2-propenyl group in the garlicnins B series, with substitution at C-5. The structures of thiolane-type sulfides, garlicnins C 1 , C 2 , and C 3 , were deduced to be 3,4-dimethyl-2-(prop-2-en-1-yldisulfanyl)-5-(prop-1-ene-1-sulfinyl)thiolan-1-ium-1-olates (Figure 3 ) [3] . Garlicnins C 1 (14), C 2 (15), and C 3 (16) have the same thiolane-type sulfides backbone as onionins A and garlicnins B groups, and they are steric isomers of each other. However, they differ in the substitutions of 1-propenylsulfinyl at C-5 and allyldisulfanyl at C-2. Since the thiolane-type sulfides such as onionins A 1 -A 3 (1-3) from onion and Welsh onion, and garlicnins B 1 -B 4 (10-13) and C 1 -C 3 (14-16) from garlic are common compounds among these three Allium species and are included as major sulfides, we examined the antitumor activity of the onionin A 1 (1), which is representative of the thiolane-type sulfides. We examined the effects of onionin A 1 (1) on tumor progression and metastasis in mouse osteosarcoma and ovarian cancer-bearing mice model. Administration of onionin A 1 (1) significantly suppressed both subcutaneous tumor development and lung metastasis in the mouse osteosarcoma (LM-8)-bearing mice model ( Figure 4A ) [5] . Furthermore, onionin A 1 (1) also significantly suppressed tumor progression in the mouse ovarian cancer (iMOC)-bearing mouse model ( Figure 4B ), suggesting that onionin A 1 (1) can be an orally available small molecule for anti-cancer therapy. The antitumor effects observed in vivo are likely (1) on tumor progression and metastasis in tumor injected mice. ONA (20 mg/kg) (1) was administered orally before and after the subcutaneous implantation of LM8 cells in the C3H mice (n=20, each group) for 3 weeks, followed by determination of the subcutaneous tumor weight and presence of lung metastasis (A). As a murine ovarian cancer model, C57B6 mice were injected in the right ovary with iMOC cells and were administered ONA (20 mg/kg) (1) for 3 week, followed by determination of the subcutaneous tumor weight (B).
caused by reversing the antitumor immune system. Activation of the antitumor immune system by onionin A 1 might be an effective adjuvant therapy for patients with osteosarcoma, ovarian cancer and other malignant tumors.
The identification and characterization of these novel sulfides isolated from onion, Welsh onion, and garlic would contribute to the accumulation of information on new chemicals and pharmaceutical compounds in the Allium sulfide group. Among the thiolane-type of major sulfides from Allium origins, garlicnin B 1 is expected to be developed as a novel anticancer agent, as it has a high yield, representing approximately 0.1 % of that of Chinese garlic, and is a synthesizable target because of its structural simplicity. Based on these findings, pharmacological investigations are expected to be conducted in the future to develop natural and healthy foods and anti-cancer agents containing these compounds that can prevent or combat disease.
